As a main driving force of electric vehicles (EVs), the loss of in-wheel permanent-magnet synchronous motor (PMSM) direct drive system can seriously affect the energy consumption of EVs. This paper proposes a loss optimization control strategy for EV in-wheel PMSM direct drive system which can optimize both the loss of PMSM and loss of inverter. The proposed method adjusts the copper loss and iron loss by optimal flux-weakening current, and as a result the PMSM achieve the lower loss in the whole operation range. According to the speed, the PWM frequency is optimized by the proposed control strategy, which can acquire high efficiency of inverter and not affect the stability of the PMSM system in the each operation condition. The optimum flux-weakening current and PWM frequency can be quickly found, and optimal effects of energy loss are verified by theoretical analysis and experimental results.
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Introduction
With the worldwide shortage of energy, the improvement of energy efficiency and development of new energy have become a social problem. With the advantage of high energy efficiency and low emissions, the electric vehicles (EVs) are considered alternative to the traditional internal combustion engine vehicles. Compared with traditional permanent-magnet synchronous motor (PMSM) system with automated mechanical transmission (AMT) [1], the in-wheel PMSM direct drive system has the advantages of high dynamic performance and low transmission loss which is more suitable for EVs, as shown in Fig.1 . There are several vector control strategies for PMSM in rated speed, such as i d =0 control [2], unit power factor control [3] , maximum torque per ampere (MTPA) control [4] and etc. However, all these current vector control strategies only focus either the copper loss or iron loss of PMSM and ignore the inverter loss of PMSM direct drive system. This paper proposes a novel loss optimization control strategy for PMSM direct drive system which can achieve a higher efficiency compared with traditional vector control in the whole operation range. Based on the loss model of PMSM, the loss optimization control can synthetically optimize the copper loss an iron loss together. The PWM frequency is carefully adjusted to the direct drive system by the proposed control method which can decrease the loss of inverter and make the harmonic current small enough. The loss optimization control strategy can reduce the energy consumption and not affect the stability of the PMSM direct drive system for EVs. The proposed loss optimization control strategy is analyzed in both theory and experiment.
